Introduction
Chronic obstructive pulmonary disease (COPD) is a significant major cause of chronic morbidity and mortality worldwide. It is characterized by incompletely reversible airflow limitation and persistent airway inflammation (1) . However, the pathogenesis of COPD has not been fully clarified. The previous studies have revealed that an imbalance of endogenous proteinases and antiproteinases, inflammatory cells, proinflammatory mediators, and oxidative stress were responsible for the pathogenesis of COPD (1, 2) . In addition, genetic factors and environmental exposures like tobacco smoke are also involved in the pathogenesis of COPD (1) . Of these risk factors, tobacco smoke is the most commonly encountered and important risk factor for COPD, and smokers account for 80~90% of all COPD patients. However, only 10~15% of smokers develop clinically significant COPD (3, 4) . Moreover, many COPD patients have a family history and the occurrence of COPD exhibits the high tendency of familial aggregation (5) . These findings indicate that the individual's risk differences to tobacco smoke injury may be related to genetic factors and the genetic factors may also play an important role in the pathogenesis of COPD. Therefore, it is widely believed that COPD arises from an interaction between genetic factors and environmental exposures. A number of candidate gene studies have been carried out to identify genetic susceptibility factors for COPD over the past few years. So far, more than 25 different candidate genes have been tested (6) . β 2 -adrenergic agonists are one of the most effective bronchodilators available for the clinical treatment of both COPD and asthma (7) . They may induce bronchial relaxation and regulate airway hyperresponsiveness by binding to the β 2 -adrenergic receptor (ADRB2) in airway smooth muscle cells. However, not all the COPD patients have the same response to β 2 -agonists, which suggests that there is individual difference in the sensitivity of ADRB2 among COPD patients. The mechanism leading to this alteration is not still clear. The gene encoding ADRB2 is located on the chromosome 5 (5q31-q32). To date, at least five polymorphisms of ADRB2 gene have been described, and they may result in single amino acid substitution at positions of 16, 27, 34, 164, and 19, respectively (8) . In particular, the amino acid substitutions at positions 16 (rs1042713, Arg→Gly) and 27 (rs1042714, Gln→Glu) have been shown to affect the receptor function in vitro (9) . Previous research also showed that agonist-promoted downregulation of ADRB2 was raised in 16Arg/Gly variant (10, 11) . A large number of studies have investigated the association between ADRB2-16Arg/Gly polymorphism and COPD risk, but the results were inconsistent. Some studies proposed that Arg homozygote at position 16 was a risk factor for COPD (12) (13) (14) , whereas other studies found no associations between ADRB2-16Arg/Gly polymorphism and COPD (15) (16) (17) (18) (19) . The discrepancy may be due to the relatively small sample sizes in these studies. Furthermore, some previous published studies may not properly investigate the effects of potential confounding variables, such as other polymorphic loci, ethnicity, environmental exposures (tobacco smoke, occupational dusts and chemicals, outdoor and indoor air pollution, sex, infection, socioeconomic status), and study design (study sample size, source of controls, genotyping methods, quality score). The purpose of this meta-analysis was to ascertain the association between ADRB2-16Arg/Gly polymorphism and COPD risk from all eligible studies by analyzing the effects of potential confounding variables.
Materials and Methods

Search strategy
Since this study was a meta-analysis based on published articles, we did not draft a statement of patient consent or seek the approval of internal review boards. The study was conducted according to the Meta-analysis of Observational Studies in Epidemiology (MOOSE) guidelines (20) . We performed a comprehensive search from the electronic literature databases of PubMed, EMBASE, ISI web of science, the Cochrane Database of Systematic Reviews, and Chinese databases (CNKI, Wanfang Data, CBM, and VIP) using the keywords:(Beta2-adrenoreceptor OR β 2 -adrenoceptor OR ADRB2 OR Beta2-adrenergic receptor OR β 2 AR) AND (SNP OR polymorphism OR single nucleotide polymorphism OR variants) AND (COPD OR chronic obstructive pulmonary disease). No lower cut-off date was applied, and an upper date limit was on June 12, 2013. We retrieved all the eligible studies and checked their bibliographies for other relevant publications. If more than one publication included the same sample, we selected the most recent and complete one in our metaanalysis. Only those with full text articles published in English or Chinese language were included.
Inclusion criteria
The eligible studies had to meet the following criteria: a) case-control, cross-sectional, or cohort studies, b) evaluated ADRB2-16Arg/Gly polymorphism and COPD risk, c) provided information on genotype frequency in COPD cases and controls, d) supplied the definite diagnosis criteria for COPD patients, and e) fulfilled Hardy-Weinberg equilibrium in the genotype distribution of control group.
Data extraction
Two authors (Wang and Li) independently extracted data from the eligible studies according to the same inclusion criteria listed above. Disagreements were resolved by consulting the third author (Chen) . The following data were collected from each study: first author, year of publication, country, ethnicity, COPD definition and total number of cases and controls, the smoking status of cases and controls (smokers were defined as the subjects with at least 10 pack-years smoking history, and pack-years were calculated as the average number of cigarettes smoked per day divided by 20 and multiplied by the number of years smoked (13)), genotyping methods, and the distribution of genotype and allele (if there were no direct data in eligible study, we calculated it from the genotype frequencies).
Quality score assessment
The quality of each study was independently assessed by the same two authors (Wang and Li). Quality scoring criteria was modified from the score systems by Thakkinstian (21) and Sun (22) . These scores were built on both traditional epidemiologic considerations and genetic issues (23) . The total scores ranged from 0 (worst) to 15 (best).
Statistical analysis
All statistical analyses were done using STATA software (version 11.0, Stata Corp, College Station, TX, USA). The strength of the association between ADRB2-16Arg/Gly polymorphism and COPD risk was assessed using Odds ratios (OR), with 95% confidence interval (CI). The pooled OR was calculated for dominant model (Arg/Arg vs. Arg/Gly + Gly/Gly), recessive model (Gly/Gly vs. Arg/Gly + Arg/Arg), co-dominant model (Gly/Gly vs. Arg/Arg, Arg/Gly vs. Arg/Arg), and allele model (Arg vs. Gly), respectively. The Cochran's Q statistic for heterogeneity among studies was performed and the I 2 statistic were used to investigate the proportion of variation due to heterogeneity (24) . A P value more than 0.10 for the Q statistic or the I 2 less than 50% suggested a lack of heterogeneity among studies, and the pooled OR was calculated by the fixedeffects model (the Mantel-Haenszel method) (25) , otherwise, the random-effects model (the DerSimonian and Laird method) was performed (26) . Once the pooled OR was calculated, and then Z statistic was used to test the significance of the pooled OR (P < 0.05 was considered statistically significant). To explore the sources of heterogeneity, the stratified analyses were carried out by smoking status (Yes/Undefined smoking), ethnicity (European descendent/Asian), study sample size (> 200 subjects/ ≤ 200 subjects), source of controls (healthy smokers/healthy population), genotyping methods, and quality score. Studies with less than 10 scores were excluded in high quality score stratification. Hardy-Weinberg equilibrium (HWE) was assessed for each study in controls using the chi-square test or a Fisher's exact test (P < 0.05 was considered as disequilibrium). If there was deviation from HWE in studies, they would be excluded from this meta-analysis. Sensitivity analysis was conducted to assess the stability of the results by deleting a single study in this meta-analysis at a time. Publication bias was estimated by funnel plots Begg's test and Egger's test (P < 0.05 was considered statistically significant publication bias) (27, 28) .
Results
Studies characteristics
Twelve published articles evaluating an association between ADRB2-16Arg/Gly polymorphism and COPD risk were collected (12) (13) (14) (15) (16) (17) (18) (19) (29) (30) (31) (32) . Of these, one was excluded from our meta-analysis due to lack of its agreement to HWE (29) . In addition, two articles were published by the same author using the same data available (17, 30) , thus we selected the most recent and complete one (17) . Therefore, 10 publications met the inclusion crite-ria (12-19, 31, 32) . Among these publications, one publication (12) included two studies (Hegab AE-1 and Hegab AE-2) according to different ethnicity, so each study in this article was considered separately for pooling analyses. Finally, there were 11 eligible studies in this final analysis. Six studies were involved in Asian subjects and five in European descendent subjects. Detailed characteristics of the studies included in this meta-analysis are given in Table 1 Overall meta-analysis Table 3 listed the main results of this meta-analysis. The overall meta-analysis between the ADRB2-16Arg/Gly polymorphism and COPD risk included 11 studies involving 1128 COPD patients and 1182 controls. The variant genotypes (Gly/Gly and Arg/Gly) of the 16Arg/Gly were not associated with COPD risk compared with the wild type Arg/Arg homozygote (Gly/Gly vs. Arg/Arg: OR = 0.87, 95% CI = 0.55-1.39, P = 0.001 for heterogeneity; Arg/Gly vs. Arg/Arg: OR = 0.94, 95% CI = 0.68-1.30, P = 0.028 for heterogeneity). Similarly, no significant associations were found under dominant model, recessive model and allele model (dominant model: OR = 1.09, 95% CI = 0.76-1.55, P = 0.002 for heterogeneity; recessive model: OR = 0.91, 95% CI = 0.68-1.24, P = 0.018 for heterogeneity; allele model: OR = 1.07, 95% CI = 0.86-1.34, P = 0.001 for heterogeneity) ( Table 3 and Fig. 2 ).
Stratification analysis
In smoking Asian subgroup, the variant genotypes (Gly/Gly and Arg/Gly) had significant relationship with COPD risk compared with the wild type Arg/Arg homozygote (Gly/Gly vs. Arg/Arg: OR = 0.64, 95% CI = 0.41-0.99, P = 0.153 for heterogeneity, z = 2.01, P = 0.044 for OR; Arg/Gly vs. Arg/Arg: OR = 0.70, 95% CI = 0.50-0.99, P = 0.607 for heterogeneity, z = 1.99, P = 0.046 for OR). Similar results were identified among smoking Asians under the dominant model and allele model (dominant model: OR = 1.45, 95% CI = 1.04-2.01, P = 0.311 for heterogeneity, z = 2.22, P = 0.026 for OR; allele model: OR = 1.27, 95% CI = 1.03-1.57, P = 0.209 for heterogeneity, z = 2.20, P = 0.028 for OR) (Fig. 3A and B) . No statistical association was observed in smoking European descendent subgroup. The stratification analysis by smoking status did not indicate any significant associations, except among undefined smoking populations for recessive model (OR = 0.45, 95% CI = 0.24-0.85, P = 0.389 for heterogeneity, z = 1.28, P = 0.201 for OR). In other subgroups by high-quality score (≥ 10), ethnicity, study sample size, source of controls and genotyping methods, the OR for each subgroup was not statistically significant. Results have been summarized in Table 3 .
Sensitivity analysis and publication bias
A sensitivity analysis was conducted to evaluate the stability of the results by deleting a single study at a time. The results of sensitivity analysis showed that no individual study significantly affected the pooled ORs (Fig. 4) . Publication bias was estimated by funnel plots Begg's test and Egger's test. The funnel plot was almost symmetrical and did not reveal any evidence of publication bias (Fig. 5) . show any statistical significance. In addition, the 95% CI (11.8~11.1) of Egger's test included zero, which suggested that nearly no publication bias was existing among studies. Available at: http://ijph.tums.ac.ir 
Discussion
In the present meta-analysis (based on 1128 cases and 1182 control subjects from 11 eligible studies), we demonstrated that there was no significant association between the ADRB2-16Arg/Gly polymorphism and COPD risk in the overall populations. We also found that ADRB2-Arg homozygotes may be a high risk factor of developing COPD in smoking Asian populations. The results suggest that the presence of Arg allele might be one of the genetic factors susceptible to COPD and that smoking might increase the genetic susceptibility in Asian populations. There is likely to be a complicated interaction between genetic and environmental factors in the development of COPD (5) . In recent years, genomewide association studies (GWAS) have been used as an important tool to identify susceptibility genes and loci associated with COPD (33) (34) (35) . ADRB2, a member of a large super family of cell surface G protein-coupled receptors, has a seven transmembrane domain. It can mediate the actions of catecholamines and β 2 -adrenergic agonists (36) . Therefore, β 2 -adrenergic agonists show significant clinical effects on COPD patients. They may inhibit the proliferation of human airway smooth muscle cells and neutrophil accumulation besides bronchodilation (37, 38) . In addition, they can also stimulate mucociliary transport of human bronchial epithelial cells and reduce the mucosal damage (39, 40) . Therefore, the responsiveness of ADRB2 to β 2 -adrenergic agonists may play an important role in regulating airway hyperresponsiveness and the development of COPD. However, genetic variation in ADRB2 can influence desensitization (36) . It also has been reported that 16Arg/Gly variant is related to increased agonistpromoted down-regulation (10). To date, many studies were performed to assess the effects of ADRB2-16Arg/Gly single nucleotide polymorphism (SNP) on COPD risk, but the results have been conflicting. These discrepancies could be due to factors as follows: First, a small sample size may lead to under-powering of studies to evaluate statistically significant effects. Second, different ethnicity may be associated with genetic risk, so studies with different populations have shown different results. Third, other potential confounding variables, such as other polymorphic loci, smoking status and study design (source of controls, genotyping methods, quality score), may also help to explain the controversy among these studies. Especially tobacco smoke was an important risk factor for COPD, but many studies have not taken into account it. Meta-analysis has been recognized as a powerful and effective method to solve a wide variety of clinical problems by summarizing and analyzing the cumulative data of the previous individual studies with small sample size and low statistical power. Pooling the effects of individual studies by meta-analysis, which increases the sample size and statistical power, can help explore accurate associations between genetic variability and disease outcomes. So far, a number of gene polymorphisms have been found to be related to specific disease states by using meta-analysis. Our results from the present meta-analysis indicated that the ADRB2-16Arg/Gly SNP was not associated with COPD risk in the overall populations and high heterogeneity was existing among these studies. In order to explore the sources of heterogeneity, we carried out stratification analysis by the potential confounding variables (i.e. smoking status, ethnicity, study sample size, source of controls, genotyping methods, quality score). Our stratification analysis has tried to clarify the effects of confounding variables on the relationship between 16Arg/Gly polymorphism and COPD risk. However, the results highlighted that there was no significant association between ADRB2-16Arg/Gly polymorphism and COPD risk and significant heterogeneity was present among each subgroup, except in smoking Asian populations. In the stratification analysis by smoking Asians, we found there was nearly no heterogeneity among these studies. The results showed that significant associations were observed between the ADRB2-16Arg/Gly polymorphism and COPD risk under the dominant genetic model and allele model. The pooled data indicated that 16Gly allele may have a protective effect on COPD and that the Arg homozygotes may be a high risk factor of developing COPD compared to the carriers of Gly allele in smoking Asian populations. Therefore, these results suggested that the presence of Arg allele might be one of the genetic factors making these patients more susceptible to COPD, and some environmental factors such as smoking might increase the genetic susceptibility in Asian populations. Our findings were in agreement with the results of three studies included to the current meta-analysis (12) (13) (14) , which showed that the Arg16 homozygous genotype had an increased risk of COPD. However, these results were in contrast to the study by Ho et al. (32) , and they found the Arg allele to be less prevalent in COPD patients. Furthermore, some studies of the current meta-analysis indicated that the ADRB2-16Arg/Gly polymorphism was not associated with risk of COPD (15) (16) (17) (18) (19) 31) . The discrepancy may be caused by potential confounding variables. The results of our meta-analysis relied on published data, which may bring about a publication bias. In the current meta-analysis, the shape of funnel plot was symmetrical, and neither Egger's test nor Begg's test showed publication bias. Interestingly, a recent meta-analysis by Niu et al. also made an estimation of the relationship between ADRB2 gene polymorphisms and COPD risk (41) . But they reported that there was no association between them, and that 16Arg allele was not a risk of morbidity for COPD. Their results were partially inconsistent with the current metaanalysis. A few of factors could explain the difference. First, quality assessment of studies included in the meta-analysis by Niu et al. was not performed. Second, they did not assess the association between ADRB2-16Arg/Gly and COPD risk under allele model. Finally, stratification analysis by some potential confounding variables like smoking status was not conducted in order to explore the sources of heterogeneity among studies. There are several limitations in the present metaanalysis that should be mentioned. For example, we did not have original data of studies included in the current meta-analysis and we were not able to take into account other factors related to COPD like age, gender, air pollution, infection, and socioeconomic status, which may change the risk estimates. Besides, the sample size of the present meta-analysis was relatively small and may not provide sufficient statistical power to assess the association between ADRB2 gene and susceptibility to COPD. So a more precise analysis allowing for the adjustment by other covariates should be performed if larger sample studies and more individual data are available. Finally, the ADRB2-16Arg/Gly is highly linked with other polymorphic loci of the same gene or other genes. Therefore, when investigating the effect of the ADRB2-16Arg/Gly SNP on COPD susceptibility in smoking Asian populations, we should consider these factors above. Sensitivity analysis is used to investigate the influence of a single study on the overall meta-analysis estimate, which may demonstrate whether the results of one meta-analysis are stable. In the current meta-analysis, the results of sensitivity analysis showed that no individual study significantly affected our overall results. Therefore, the results indicated that ADRB2-16Arg/Gly polymorphism might be a potential risk factor for the development of COPD and Gly allele was likely to be a protective effect on COPD among smoking Asians, but the consequences should be further validated by the addition of more samples.
Conclusion
In conclusion, our meta-analysis suggests that ADRB2-16Arg/Gly polymorphism might be associated with COPD in smoking Asian populations and that tobacco smoking probably can increase the genetic susceptibility of COPD in Asians, but not in European descendents, which gives a new opportunity to investigate the pathogenesis of COPD susceptibility. But further prospective investigations with larger sample studies are necessary.
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